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Doscription 

HEAT EXCHANGER TUBE, HEAT EXCHANGER AND USE 

CROSS REFERENCE TO RELATED APPLICATIONS 
[0001] This application is the US National Stage of International Application No, 
PCT/EP2005/000883. filed January 28, 2005 and claims the benefit thereof. The International 
Application claims the benefits of European Patent application No. 04002333.5 filed February 
3. 2004. All of the applications are incorporated by reference herein in their entirety. 

FIELD OF THE INVENTION 
[0002] The invention relates to a heat exchanger tube, with an outside, lying on an outer 
surface, for action upon it by steam and with an inside, lying on an inner surface, for action 
upon it by a cooling medium. The invention relates, further, to a heat exchanger with cooling 
medium routing and with steam medium routing, the cooling medium routing having a 
multiplicity of heat exchanger tubes for the routing of cooling medium on the inside of a heat 
exchanger tube, and the steam routing being designed for the action of steam medium upon an 
outside of a heat exchanger tube. The invention also relates to a use. 

BACKGROUND OF THE INVENTION 
[0003] Heat exchangers of the above type serve, as a rule, for transferring the heat contained 
in a fluid steam medium to a fluid cooling medium. The steam medium thereby cools, while 
the cooling medium heats up. If appropriate, the heat exchanger is designed such that the 
cooling of the steam medium leads to a condensation of the steam medium, in this case a heat 
exchanger also being designated as a condenser, in particular steam condenser. Heat 
exchangers, in particular condensers of the type mentioned, are conventionally installed in 
power plants. There, a fluid steam medium serves, as a rule, as a working medium for driving 
a turbine and in this case discharges its kinetic energy for driving the turbine to a turbine rotor 
which, in turn, serves for driving a generator. 

[0004] Accordingly, a steam medium located on the turbine outlet side is, as a rule, in an 
expanded state, that is to say it has a pressure in the region of 1 bar and is hardly superheated. 
This steam medium located on the turbine outlet side is, as a rule, supplied to a heat 
exchanger, in particular a condenser of the abovementioned type. The aim, as a rule, is to 
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condense the steam medium, if appropriate also further to utilize its heat content after 
discharge to the cooling medium. 

[0005] Conventionally, the boundary of a steam medium routing in a heat exchanger of the 
above type is formed by a walling which is constructed from a multiplicity of heat exchanger 
tubes of the cooling medium routing. Other concepts provide cooling medium routings 
arranged transversely in a steam medium routing, so that a steam medium routed in the steam 
routing has to flow past the multiplicity of heat exchanger tubes of the cooling medium 
routing. In this case, the closed-in volume of such heat exchangers, in particular of steam 
condensers, should, depending on the design, be kept as low as possible and be optimized 
such that the efficiency of such heat exchangers is as high as possible. The aim in a heat 
exchanger is therefore to configure the heat transfer in a heat exchanger tube as effectively as 
possible, so that the amount of heat contained in the steam medium can be supplied as fully as 
possible to the cooling medium and is not otherwise lost or does not remain undesirably in the 
steam medium. An obstruction of the heat transfer occurs, for example, due to a formation of 
an insulating condensation film on an outside of a heat exchanger tube. An obstruction of the 
heat transfer is the more serious, the denser an insulating condensation film of this type is on 
an outer surface of a heat exchanger tube. In this case, the nature of such a condensation film 
depends critically on the drop formation or on the dripping behavior of condensed steam 
medium. 

[0006] A further impairment of the heat transfer occurs due to the encrustation on the cooling 
medium side on an inside of a heat exchanger tube. Such encrustation occurs over time, in that 
inorganic and organic constituents contained in the cooling medium settle and accumulate on 
the inner surface of a heat exchanger tube. Although various cleaning measures can greatly 
slow this effect down, they are complicated and cannot prevent the process as such. 

[0007] A heat exchanger tube and a use relating to the heat exchanger tube, which provide 
improved heat transfer, would be desirable. It would also be desirable to have a heat 
exchanger with improved efficiency which is not impaired unnecessarily due to poorer heat 
transfer in a heat exchanger tube. 

SUMMARY OF THE INVENTION 
[0008] This is where the invention comes in, the object of which being to specify a heat 
exchanger tube, a heat exchanger and a use relating to a heat exchanger tube, in which heat 
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transfer from a steam medium to a cooling medium is improved, as compared with 
conventional concepts. 

[0009] The object is achieved, in terms of a heat exchanger tube, by means of a heat 
exchanger tube of the type initially mentioned, in which, according to the invention, the outer 
surface is provided with a first layer reducing an adhesion of the steam medium to the outer 
surface and/or the inner surface is provided with a second layer reducing an adhesion of the 
cooling medium to the inner surface, the second layer being configured as a layer reducing the 
encrustation on the inner surface, and the second layer being configured as a biocidal layer. 

[00010] The invention arises from the consideration that the surface tension of the tube 
material is of serious importance for the drop formation or dripping behavior of a steam 
medium on the outer surface of the heat exchanger tube. Moreover, the invention arises from 
the consideration that the encrustation on the inner surface of a heat exchanger tube depends 
to a serious extent on the adhesive properties of the surface. In contrast to measures customary 
hitherto, which provide either a regular cleaning of the surfaces or additives in the 
steam/cooling medium, the invention has recognized that it is possible, on the one hand, for 
the improved configuration of the surface tension of an outer surface and, on the other hand, 
for the improved configuration of the adhesive properties of an inner surface of a heat 
exchanger tube, in terms of the requirements explained above, to provide the outer surface 
with a first layer reducing an adhesion of the steam medium to the outer surface and/or to 
provide the inner surface with a second layer reducing an adhesion of the cooling medium to 
the inner surface. As a result, the complicated cleaning measures conventional hitherto on the 
inside of a heat exchanger tube and measures regarding additives in the cooling medium are 
reduced. There is the disadvantage that it has not been conventional hitherto to clean on the 
outside of a heat exchanger tube. Such measures having restrictions have nevertheless been 
preferred hitherto, since it has not been possible up to now to make heat exchanger tubes of 
the above type available and, in particular, provide them in a heat exchanger. A principal 
reason is, inter alia, that, after being manufactured, the tubes can be coated only at a high 
outlay. Moreover, after the production of the tubes, inner coatings can virtually no longer be 
carried out, since the tubes possess a length of, as a rule, 10 m or more. In a heat exchanger of 
the above type for a power station, as a rule, hundreds of kilometers of heat exchanger tubes 
are laid in place. For a nuclear power station, a heat exchanger may have more than 1000 km 
of heat exchanger tubes laid in place. 
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[00011] The term "layer" is to be understood in the above sense as meaning not only a 
coating of the basic surface, that is to say of the outer surface and/or of the inner surface of the 
heat exchanger tube, but also a surface treatment, having the claimed functionality, of the 
surface of a heat exchanger tube. For example, the surface of a heat exchanger tube could be 
smoothed or polished by means of suitable measures. However, coating measures, which are 
explained further, prove to be substantially more effective according to the above invention. 

[00012] Advantageous developments may be gathered from the subclaims and specify in 
detail advantageous possibilities for implementing a heat exchanger tube in terms of its 
service configuration. 

[00013] It is expedient to produce a layer as a coating/Particularly advantageously, the 
first layer and/or the second layer are/is formed from a number of sublayers. In this case, 
sublayers may serve, for example, as adhesion promoter layers, in order to ensure as good an 
adhesion as possible of the layer reducing the adhesion of a fluid in the form of steam/cooling 
medium. Moreover, a series of coating measures in terms of the smoothing or sealing of a 
surface and/or of the adhesion-reducing layer can be provided. 

[00014] It has proved particularly expedient that, in the case of a coating of the heat 
exchanger on both surfaces, that is to say a coating of the outer surface and a coating of the 
inner surface, the first layer is produced differently from the second layer. For this purpose, 
advantageously, the first layer is configured as a layer reducing the surface tension of the tube 
material on the outer surface. Advantageously, in this case, a second layer is configured as a 
layer reducing the formation of a coating on the inner surface of the tube material, that is to 
say for reducing the adhesive properties of the inner surface of a heat exchanger tube. Within 
the framework of the development, it was recognized that the first, steam-side layer, because it 
is acted upon by steam medium on the outside of the heat exchanger tube, is subject to 
requirements other than those of the second, cooling-medium side layer which is acted upon 
by cooling medium on the inside of the heat exchanger tube. The first and the second layer can 
therefore be optimized differently in terms of their requirements. 

[00015] Advantageously, therefore, the first layer is configured as a layer reducing the 
surface tension of the outer surface. This advantageously reduces the drop formation and 
dripping behavior of the steam medium during a condensation of the latter. 
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[00016] Further, an antifouling layer proves to be advantageous. Such layers reduce the 
formation of a coating and the growth of a coating of organic substances to a negligible 
amount. A toxically acting layer may likewise be applied to the inner surface. In particular, 
such a layer may be configured as a copper layer. 

[00017] To achieve the object in terms of the heat exchanger, the invention relates to a 
heat exchanger of the type initially mentioned, in which a heat exchanger tube is designed 
according to the invention in a way explained above. 

[00018] It proved most particularly expedient that the heat exchanger tube is designed as a 
longitudinally welded heat exchanger tube. That is to say, in the heat exchanger tube, a weld 
seam runs along the elongate extent of the tube and, in the installed state of the tube, is 
arranged on the top side of the tube cross section. 

[00019] To be precise, it was shown that a layer, in particular coating, produced according 
to the proposed concept, of a heat exchanger tube is advantageously applied even on wide or 
narrow strips from which heat exchanger tubes are normally produced. Wide or narrow strips 
are strip-shaped metal plates having the wall thickness of a heat exchanger tube, which are 
subsequently rounded into a slotted tube slotted along a longitudinal seam. 

[00020] This slotted tube is then provided along the longitudinal seam with a weld seam 
for producing the heat exchanger tube. Since the layer, in particular coating, provided 
according to the concept of the invention, may possibly impair the welding process or the 
quality of the weld seam, the layer may be removed again locally in the region of the weld 
seam before the welding process. By the layer being removed in the region of the weld seam, 
the above-explained effect of the layer is impaired only insignificantly, so that, according to 
the concept of the invention, approximately 90% to 95% of the above-explained desired 
effects are still achieved. 

[00021] Advantageously, the layer is removed in the region of the slot/weld seam 
immediately before the welding process and also in the process of forming the strip into the 
slotted tube. 

[00022] Expediently, a coating in the local region of the weld seam is prevented by means 
of a local masking of the weld seam region during the coating process. Alternatively or 
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additionally, the weld seam region may be ground so that an already existing layer, in 
particular coating, is removed again within the framework of such a grinding process. 

[00023] What is achieved by a subsequent installation of a heat exchanger tube, in which 
the weld seam is arranged along the elongate extent of the tube on the top side of the tube 
cross section, that is to say in a twelve-o' clock position, is that the weld seam which in such a 
case is not provided with a layer is subjected to encrustation to a lesser extent than the side 
lying opposite the weld seam and the remaining regions of a heat exchanger tube. What is 
therefore achieved by this advantageous measure is that, on the one hand, the welding process, 
which completes a slotted tube into the heat exchanger tube, is not impaired by a layer 
according to the proposed concept and, on the other hand, a particularly high fraction of the 
above-explained desired effects, advantageously in a range above 95 percent, is nevertheless 
achieved. 

[00024] The object in terms of a use relating to the heat exchanger tube is achieved, 
according to the invention, by a use of a layer material reducing an adhesion of a fluid to a 
surface for an outer surface on an outside of a heat exchanger tube for action upon it by a 
steam medium and for an inner surface on an inside of the heat exchanger tube for action upon 
it by a cooling medium. 

[00025] In particular, the outer surface is provided with a first layer reducing an adhesion 
of the steam medium to the outer surface and/or the inner surface is provided with a second 
layer reducing an adhesion of the cooling medium to the inner surface. 

[00026] It proved particularly advantageous that the layer material used is a material based 
on polytetrafluoroethylene (PTFE). For this purpose, advantageously, a material which 
contains PTFE in the form of Teflon may be used. 

[00027] It was further shown that a material based on a carbon system is advantageous as a 
layer material. In particular, a material constructed according to a diamond-like system (DLC 
system) proved to be particularly advantageous. 

[00028] Further, a material based on an organic silicate network proved to be particularly 
advantageous for use as a layer material. Such organic silicate networks can advantageously 
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be produced as an outer surface consisting of nanoparticles which decisively reduce the 
antistick properties of a surface, in particular of an inner surface of the heat exchanger tube. 

[00029] In a very similar way, a DLC system surface proves to be particularly 
advantageous on an inner surface of the heat exchanger tube. 

[00030] A layer material based on a polytetrafluoroethylene may be used particularly 
advantageously on an outer surface of a heat exchanger tube. 

[00031] The use of all the layer materials mentioned for a heat exchanger tube according 
to the concept explained above can be implemented advantageously in a surprising way 
according to the finding of the invention, since, according to measures conventional hitherto, 
layers of the abovementioned type could not be implemented at all on heat exchanger tubes 
and therefore could not be considered by a person skilled in the art. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[00032] Exemplary embodiments of the invention are described below with reference to 
the drawing. This is not intended to illustrate the exemplary embodiments true to scale, but, 
instead, the drawing, where appropriate for an explanation, is in diagrammatic and/or slightly 
distorted form. As regards additions to the teachings which can be seen directly from the 
drawing, reference is made to the relevant prior art. In particular, in the drawing, 

[00033] fig. 1 shows a cross section through a heat exchanger tube in the installed 
state according to a particularly preferred embodiment; 

[00034] fig. 2 shows a diagrammatical illustration of a heat exchanger according to a 
particularly preferred embodiment with cooling medium routing and steam medium routing. 

DETAILED DESCRIPTION OF THE INVENTION 
[00035] Fig. 1 shows a heat exchanger tube 1 in the installed state in a heat exchanger, 
such as is shown diagrammatically in fig. 2. In the installed state, the particularly preferred 
embodiment, shown here, of the heat exchanger tube 1 provides a layer 7, 9 reducing an 
adhesion of a fluid to a surface 3, 5 of the heat exchanger tube 1. The heat exchanger tube 1 
has a steam-side outer surface 3 on its outside 4 for action upon it by a steam medium 25 and 
a cooling-medium side inner surface 5 on its inside 6 for action upon it by a cooling medium 
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27. The outer surface 3 is provided with a first layer 7 reducing an adhesion of the steam 
medium to the outer surface 3. The inner surface 5 is provided with a second layer 9 reducing 
an adhesion of the cooling medium to the inner surface 5. 

[00036] In the present case, the first, steam-side layer 7 is manufactured from a layer 
material which is a material based on a PTFE (polytetrafluoroethylene). In the present case, a 
mixture of Teflon and other components is preferred. The second, cooling-medium side layer 
9 is in the present case a material based on an organic silicate network. In the present case, for 
the formation of nanoparticles, this material was produced according to what is known as a 
sol/gel process and consequently has a surface structured in the nanometer range. It was 
shown that this type of coating with a second layer 9 on an inner surface 5 particularly 
advantageously prevents the sticking properties of a cooling medium and consequently the 
deposition and accumulation of organic and inorganic material on the inner surface 5 of the 
heat exchanger tube L A first layer 7, based on polytetrafluoroethylene, on an outer surface 3 
of the heat exchanger tube 1 has a particularly low surface tension and consequently reduces 
the drop formation on the surface, and, insofar as drops are formed, the dripping behavior is 
varied in such a way that no condensation films can form on the outer surface 3 of the heat 
exchanger tube 1. 

[00037] The heat exchanger tube 1 shown in this embodiment is advantageously produced 
from a narrow strip which has already been provided as such, on its face assigned to the inner 
surface 5, with an organic silicate network of the layer 9 to form an inside 6 and being 
provided, on a face assigned to the outer surface 3, with a material based on 
polytetrafluoroethylene to form an outside 4. Within the framework of the further production 
process, the narrow strip, in the region 11, that is to say at its edges which would later lie in 
the region 11 of the welded seam 13, was masked as early as during the coating process for 
forming the layers 9, 7 and, in this embodiment, was subsequently ground down, so that the 
region 1 1 of the weld seam 13 remained free of coating. The grinding-down step may even be 
dispensed with within the framework of a modification. After the rounding of the narrow strip 
into the slotted tube in the further production step, it was possible for the weld seam 13 to be 
applied to the slotted tube in order to complete the heat exchanger tube, without adverse 
effects of a coating 9, 7 on the welding process having to be taken into account in this case. 
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[00038] In the installed state, the heat exchanger tube 1 is installed in a heat exchanger 17 
in the twelve-o' clock position shown in fig. 1, that is to say the weld seam 13 is located on the 
top side 15 of the tube cross section. 

[00039] Within the framework of a modification, a heat exchanger tube may be coated, 
essentially by means of the same production method explained above, solely in the region of 
its three-o' clock position up to the nine-o 1 clock position. To be precise, it was shown that, in 
particular, the region around the six-o' clock position is particularly susceptible to corrosion 
and to encrustation in a heat exchanger tube. In particular, suspended substances often, for 
example, above all, during an emptying of the heat exchanger tube, remain in the region of the 
six-o' clock position on the inside of the heat exchanger tube. At least the region around the 
six-o f clock position, for example a 45°-angle region, a 90°-angle region, advantageously a 
120°-angle region and, in particular, a 180°-angle region or an in each case greater angle 
region, is provided with a layer within the framework of the modification. 

[00040] Fig. 2 shows diagrammatically a heat exchanger 17 with cooling medium routing 
19 and with steam routing 21. The cooling medium routing 19 has, for routing the cooling 
medium 27, a multiplicity of heat exchanger tubes 23 which are explained in more detail in 
fig. 1 and are shown merely diagrammatically in fig. 2. The cooling medium 27 is in this case 
routed on the inside 6 of the heat exchanger tubes 23. The steam routing 21 provides for the 
action of a steam medium 25 upon the outside 4 of the heat exchanger tubes 23. 

[00041] In order to avoid film formation obstructing the heat transfer in heat exchanger 
tubes 1, 23, in a heat exchanger 1, 23 with an outside 4, lying on an outer surface 3, for action 
upon it by a steam medium and with an inside 6, lying on an inner surface 5, for action upon it 
by a cooling medium, there is provision, according to the proposed concept, for the outer 
surface 3 to be provided with a first layer 7 reducing an adhesion of the steam to the outer 
surface 3 and/or for the inner surface to be provided with a second layer 9 reducing an 
adhesion of the cooling medium to the inner surface 5. The concept leads to a heat exchanger 
1 7 and a use. 
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